e present the results in 12 patients of arthrodesis of the knee using a vascularised fibular graft after resection of a malignant bone tumour. At a mean follow-up of 95 months (60 to 178) all patients were free from disease although 11 had had at least one complication, with stress fracture of the graft in five patients, nonunion in two and deep infection requiring above-knee amputation in one.
Various reconstructive techniques have been described for the treatment of bony and soft-tissue defects after resection of malignant tumours around the knee. [1] [2] [3] [4] [5] [6] A stable and predictable result may be obtained with arthrodesis 7 using autogenous bone graft, 5, 6 but there is a high rate of nonunion, stress fracture and failure of fixation. Alman and De Bari 8 and Weiner, Scarborough and Vander Griend 9 reported a high incidence of nonunion after arthrodesis using intercalary allograft. Satisfactory early results have been reported after arthrodesis with a vascularised fibular graft, [10] [11] [12] but there are no long-term reports of this technique.
We therefore assessed the medium-and long-term results of the reconstruction of a large defect using a vascularised fibular graft in patients who had wide resection of a bone sarcoma around the knee.
Patients and Methods
Between 1982 and 1995, 56 patients had surgical treatment for a primary malignant bone tumour around the knee of whom 15 had arthrodesis using a vascularised fibular bone graft. The operative details and early results have been previously reported. 11, 12 The survival at five years was 85%.
Three patients died from metastatic disease at a mean of 23 months after the operation. We studied the remaining 12 patients after a mean follow-up of 95 months (60 to 178) ( Table I ). There were seven males and five females with a mean age of 17.3 years (12 to 36). The diagnosis was an osteosarcoma in 11 and a malignant fibrous histiocytoma in one. Eleven tumours were classified as stage IIB and one as stage IIA according to the system of Enneking. 13 All patients received preoperative chemotherapy and none had radiotherapy or cryotherapy. The decision to perform an arthrodesis was determined by the extent of the lesion and after discussion with the patient and their relatives concerning other available surgical techniques and their outcome. After resection of a distal femoral lesion reconstruction was performed using two free vascularised fibular grafts and intramedullary fixation. Two techniques were used for proximal tibial lesions. In the first three patients the defect was filled by turning down the divided distal femur, with a pedicle vascularised fibular graft and intramedullary fixation, a modification of the method of Enneking and Shirley. 6 In the remaining five patients pedicle and free vascularised fibular grafts were used with external fixation.
In patients who had little or no skeletal growth remaining, the goal was to leave the limb approximately 1 to 2 cm shorter than the contralateral limb to facilitate the swing phase of walking. In patients who still had more than one year of potential growth, we attempted to lengthen the limb by 2 to 4 cm to accommodate future growth of the contralateral leg. One patient (case 5) had an epiphysiodesis of the contralateral distal femur at the same time.
Radiological evidence of union included bony healing at the graft and osteotomy sites with uninterrupted cortical continuation between the graft and host bone.
Hypertrophy of the fibular graft was assessed by the method of De Boer and Wood, 14 using a graft hypertrophy index. We recorded hypertrophy only if the graft index had increased by more than 20%. The diagnosis of a stress fracture was made in the presence of local tenderness, by using plain radiography, tomography and a bone scan.
We carried out functional evaluation using the revised 30-point classification system of the Musculoskeletal Tumour Society 15 by which six parameters (pain, function, use of walking aids, walking ability, gait, and emotional acceptance) are evaluated on a scale of 0 to 5 points. The scores are added to obtain a total which is expressed as a percentage of normal (30 points).
Results
All patients were free from disease at the time of the latest follow-up. One (case 7) developed a 'skip lesion' in the distal femur 32 months after resection of a proximal tibial lesion and required above-knee amputation. Another (case 9) developed deep infection around the intramedullary nail 14 years after operation and also required amputation. Thus, there was successful limb salvage in ten of the 12 patients. The mean leg-length discrepancy was 3.5 cm (2.5 to 4). The mean time to union of the graft was six months in ten patients; the remaining two (cases 6 and 8) required a further autograft procedure before union was obtained.
In the five patients in whom an external fixator had been used, the mean graft hypertrophy was 53% (38 to 70). None of the patients in whom intramedullary fixation had been used showed graft hypertrophy.
There were 19 complications in 11 patients (Table II) , the most common of which was a transient palsy of the peroneal nerve which was seen in five patients. This resolved completely within six months. In one of the patients with a nonunion (case 6) there was failure of fixation nine months 491 after operation which required a further autograft and replacement of the intramedullary nail. In the other (case 8) union was achieved by autograft and plate fixation 19 months after the initial operation. Seven stress fractures of the graft occurred in five patients treated by external fixation between six and 49 months after operation. All occurred after removal of the fixator. One fracture (case 11) required an autogenous graft to achieve union (Fig. 1) .
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No patient complained of pain or instability in the ipsilateral foot or ankle, and there was no radiological evidence of osteoarthritis of the ankle.
We performed functional evaluation on ten patients (Table III) . The mean score was 24 (23 to 25) at 24 months and 23 (22 to 25) at the time of the latest follow-up. Nine patients had no pain and one had some discomfort. The scores for function, pain, walking aids, and gait did not change between 24 months and the latest follow-up whereas that for emotional acceptance decreased in four patients. The score for walking ability also decreased in four patients.
Discussion
Our study has shown that there is a high rate of union of arthrodesis of the knee using a vascularised fibular graft. Although the rate of complications was high (92%) these were treatable without prejudicing the outcome. The scores for acceptance and walking ability decreased while those for pain and stability maintained a high level.
The main technical problem remains that of achieving union. Our primary rate of union of 83% and overall rate of union of 100% compares favourably with other reports. 12, 16 The time to union was shorter than that reported when using autogenous or allograft techniques. 5, 6, 9 De Boer and Wood 14 reported an incidence of stress fractures of 59% in patients undergoing vascularised fibular grafts without associated intramedullary fixation whereas the incidence of stress fractures in our series in this group was 100%. They also reported that most fractures occurred within eight months of operation whereas in our study five of the seven fractures were seen over 12 months after operation. An advantage of a vascularised fibular graft is its ability to hypertrophy, which is believed to be related to the mechanical stimulation of weight-bearing. 14 We found hypertrophy of the graft exceeding 20% in five patients. All patients in whom the graft was not bypassed by internal fixation had at least one stress fracture. Hypertrophy of the graft was not found in patients whose grafts were bypassed by internal fixation, none of whom had a stress fracture, which suggests that hypertrophy of the graft is produced by healing of such a fracture. The long-term survival of a painless and stable lower limb was associated with a decline in acceptance and walking ability and thus patients may become dissatisfied with an immobilised knee. Our patients reported particular difficulty when using public transport. This is one of the longest follow-up studies after resection of a bone tumour and arthrodesis of the knee (Table  IV) . We believe that despite the high rate of complications it is a satisfactory procedure giving good functional results. Careful preoperative counselling including the management of the complications is required.
